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ABSTRACT (Centlme m rover" side !H noceasemy end identify by block munbar)
-!This research project was directed at investigating methods of measuring the thermal conductivity of semiconducting alloys of III-V compounds (GaALAs, GaInAs GaInAsP) in a thin layer format. Generally, techniques for measuring the thermal properties of bulk materials are not suited for the thin epitaxial layers which are utilized in active devices.
The thermal conductivity is an important design parameter for those devices which must dissipate large amounts of power during operation.
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The proposed measurement technique utilized a conducting epitaxial alloy layer deposited upon a semi-insulating lattice-matched semiconductor substrate. The thin films were prepared by liquid phase epitaxy or current controlled liquid phase epi taxy.
In the initial measurement approach, a filamentary sample with ohmic contacts on the epitaxial layer was fabricated. A constant current was passed through this resistor and the resistance change caused by the Joule heating was monitored. This temperature-related change can, in principle, be related to the thermal properties of the epilayer and substrate.
However, because the thermal conductivity of the alloy epilayer is somewhat less than that of the substrate and the epilayer/substrate thickness ratio is quite small,reasonable results could not be obtained. (-Iternative sample configurations were considered, such as removing a portion of the supporting substrate to form an unsupported filamentary resistor or detecting the transient heat pulse which propagates through the structure. These were considered to require unrealistic processing or measurement techniques The measurement problem is recognized as being somewhat analogous to the determination of a small resistance value in series with a much larger resistor. Transient measurement methods require high precision resistance measurements at a rate of at least twenty per second.
-. 
Sumary of Results
The initial basis for the thermal conductivity measurement was the technique described by Boyce and Chung (2). The sample configuration consists of the thin film to be analyzed deposited upon an electrically insulating supporting substrate having known thermal
properties. An electrical current is passed through the filamentary film layer and the resistance change is monitored. These data, in conjunction with a measurement of the sample temperature coefficient of resistance, can be modeled, in principle, to determine the thermal conductivity of the thin layer. Boyce and Chung demonstrated the technique with 0.2 )in silver films on 76 jxn thick glass slides.
The transient behavior of the resistance change or the steady-state value can be related to the thermal conductivity. This method is illustrated symbolically in Fig. 1(a) .
.To investigate the Boyce and Chung method, samples of nGaAs on semi-insulating GaAs substrates were prepared by LPE. Metal stripe contacts were evaporated and alloyed. Approximately one millimeter wide filamentary 'samples were cut with a wire saw. The test sample configuration is shown in Fig.2 . The four contact method eliminates series contact resistance effects.
The Boyce and Chung method involves a measurement of the time necessary for one-half the incremental resistance change to occur.
It was discovered that this transient variation in the GaAs sample resistance occurred in less than a second. The very accurate measurement of the resistance over such a brief time was not considered to be realizable, and therefore, the steady-state approach was considered. (2) thermal conductivity measurement technique.
The steady-state temperature distribution in a sample whose ends are maintained at temperature T 0 will result in a resistance change which can be used to calculate the thermal conductivity. The equation to be iteratively solved is Again, this type of structure was considered too fragile-to pursue because the filamentary epilayer would be supported only at the ends.
An alternative method of reducing the a/H ratio would be increasing the epilayer thickness. However, the limited melt size in the available LPE or CCLPE systems would lead to a compositional variation in the ternary or quaternary layers.
The uniqueness of the Boyce and Chung measurement technique is that the material to be tested is used as the heat source. A somewhat similar approach, utilizino an auxili ""y heat source, is described by Gustafsson, pattern served as the heat sourc e, and the other pattern was used to detect the temperature rise at the opposite surface (see Fig. 1(c) ).
In both samples the temperature transient was observed within a fraction of a second. Measurements were performed with an internally triggered HP3455A system voltmeter and stored in a HP1000 minicomputer. it is useful to know the value of the thermal conductivity to assist in device and circuit design. A theoretical discussion of themal conductivity in semiconductor materials is also presented.
THERMAL CONDUCTIVITY MEASUREMENTS IN THIN
This proposed technique uses thin layers GaAs grown upon semiinsulating GaAs substrates. A dc electrical current is allowed to pass along the epilayer, thus creating a temperature gradient. The thermal conductivity is deduced from the measured change in resistance. The experimental results indicate that further analysis of the technique is necessary to achieve reasonable results.
The experimental work was performed in the Rockwell Solid State Electronics Laboratory at North Carolina A&T State University.
